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(57) ABSTRACT

Embodiments herein describe dividing a video into chunks
with varying lengths based on the content within those
frames. In contrast, dividing the video at a fix interval is
prone to generating chunks starting at the middle of hard to
encode areas, which can lead to a loss of encoder rate-
control efficiency and produce visual quality gaps at the
beginning of such chunks. The embodiments herein can
identify a set of boundaries for dividing the video into
chunks having similar lengths and with little to no impact on
visual quality. In one embodiment, the boundaries of the
chunks are placed at locations (or frames) that are far from
the complex (or hard to encode) areas of the video. To do so,
the system evaluates the video using various complexity
metrics to identify the complex areas that require more bits
to encode relative to less complex areas.
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CONTENT ADAPTIVE BOUNDARY
PLACEMENT FOR DISTRIBUTED ENCODES

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims benefit of U.S. provisional
patent application Ser. No. 62/898,758 filed Sep. 11, 2019
which is herein incorporated by reference in its entirety.

BACKGROUND

[0002] A video stream includes a series of video frames. A
set of frames may be referred to as a segment. Segments are
generally of equal length, but there may be exceptions.
Segments denote, for example, places where the video can
be interrupted (e.g., to insert a commercial).

[0003] Chunk-based video encoding involves dividing the
frames in a video into groups called “chunks” that may be
encoded (i.e., compressed) by a single transcoder, or sepa-
rately by multiple transcoders (i.e. “separate nodes”) in
parallel. A basic approach is to divide a video into chunks
having equal length and then encode the chunks in parallel
using different transcoders.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] So that the manner in which the above recited
aspects are attained and can be understood in detail, a more
particular description of embodiments described herein,
briefly summarized above, may be had by reference to the
appended drawings.

[0005] It is to be noted, however, that the appended
drawings illustrate typical embodiments and are therefore
not to be considered limiting; other equally effective
embodiments are contemplated.

[0006] FIG. 1 is a block diagram of a transcoding system,
according to one embodiment described herein.

[0007] FIG. 2 is a flowchart for identifying boundaries for
dividing a video into chunks, according to one embodiment
described herein.

[0008] FIGS. 3A-3C illustrate tracking complexity met-
rics for a video, according to one embodiment described
herein.

[0009] FIG. 3D illustrates a heatmap derived from the
complexity metrics in FIGS. 3A-3C, according to one
embodiment described herein.

[0010] FIGS. 4A-4C illustrate tracking complexity met-
rics for a video, according to one embodiment described
herein.

[0011] FIG. 4D illustrates a heatmap derived from the
complexity metrics in FIGS. 4A-4C, according to one
embodiment described herein.

[0012] FIG. 5 illustrates dividing a video into chunks
having various lengths, according to one embodiment
described herein.

[0013] FIG. 6 is a flowchart for identifying boundaries for
dividing a video into chunks, according to one embodiment
described herein.

[0014] FIG. 7 is a flowchart for identifying boundaries for
dividing a video into chunks, according to one embodiment
described herein.

DETAILED DESCRIPTION

[0015] Embodiments herein describe dividing a video into
chunks with varying lengths based on the content within
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those frames. Dividing chunks into the same length ignores
the fact that the complexity or difficulty of performing
encoding can change. That is, some chunks may have
complex content which requires significantly more bits to
encode into a new format than other chunks that have less
complex content. Dividing the video at a fixed interval is
prone to generating chunks starting at the middle of hard to
encode areas, which can lead to a loss of encoder rate-
control efficiency and produce visual quality gaps at the
beginning of such chunks. The embodiments herein can
identify a set of boundaries for dividing the video into
chunks having similar (but often not identical) lengths and
with little to no impact on visual quality.

[0016] In one embodiment, the boundaries of the chunks
are placed at locations (or frames) that are far from the
complex (or hard to encode) areas of the video. To do so, the
system evaluates the video using one or more complexity
metrics (e.g., average luminance, variance of luminance,
frame difference, histogram difference, encoder analysis
data from an initial encode pass and resultant initial encode
statistics, or combinations thereof) to identify the complex
areas (referred to as hot spots) that require more bits to
encode relative to less complex areas (referred to as cool
spots). Once identified, the system can evaluate each frame
to determine its distance from the hot spots. The system can
then use various techniques for identifying optimal frames in
the cool areas that can serve as the boundaries of the chunks.
While these chunks may have different lengths or durations,
the embodiments herein can also harmonize chunk durations
so that different chunks are more or less of equal sizes to
maximize the advantage of using multiple transcoders to
encode the chunks in parallel. However, it is not necessary
that the chucks are exactly of equal sizes and it may be
advantageous to allow the chunks to vary somewhat in order
to use frames in cool areas as the start/end boundaries of the
chunks.

[0017] FIG. 1 is a block diagram of a transcoding system
100, according to one embodiment described herein. The
transcoding system 100 includes a computing system 110
that receives a video 105 that it divides into a plurality of
chunks 140. These chunks 140 are then transmitted to
multiple transcoders 150A-C to be encoded in parallel. The
transcoders 150 can be implemented to conform a specific
video coding standard such as an HEVC/H.265 encoder or
a AVC/H.264 encoder. The transcoders 150 may convert the
respective chunks 140 of the video 105 from one encoding
format to another. This may be done where the target device
does not support the original format of the video 105 or has
limited storage capacity. For example, transcoding may be
performed before the video 105 is streamed through a
content provider to a user device (e.g., a smart TV, mobile
phone, tablet, etc.).

[0018] Encoding the chunks 140 in parallel can reduce the
overall encoding time. However, as mentioned above, divid-
ing the video 105 into chunks of equal length can result in
the loss of encoder rate-control efficiency and produce visual
quality gaps between the chunks 140. Instead of using
chunks 140 of fixed length, the computing system 110
identifies optimal boundaries for the chunks 140 that avoid
complex or hot spots in the video (e.g., portions of the video
that are hard to encode). As a result, after encoding, the
chunks 140 can be concatenated (or merged) together with-
out any loss of encoder rate-control efficiency and without
visual quality gaps.
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[0019] The computing system 110 includes a processor
115 which can represent any number of processing elements
that each can include any number of processing cores. The
computing system 110 also includes memory 120 (e.g.,
volatile or non-volatile memory elements) that stores a
complexity detector 125 and a boundary identifier 135. In
one embodiment, the complexity detector 125 and the
boundary identifier 135 are software applications, but in
other embodiments they may be firmware, hardware, or
combinations of software, firmware, and hardware.

[0020] The complexity detector 125 derives one or more
complexity metrics by evaluating the frames in the video
105. For example, the complexity detector 125 can generate
metrics about the video 105 such as average luminance,
variance of luminance, frame difference, and histogram
difference. In general, the complexity metrics represent the
complexity of encoding the frames using a transcoder, such
as complex spatial or temporal activity in the frames. The
complexity detector 125 can use the complexity metrics to
determine whether each frame corresponds to low motion or
spatial activity or not. In one embodiment, the complexity
detector 125 uses the complexity metrics to derive a heat
map 130 of the video 105 that identifies the cool spots
(where encoding the video is easy and compression results
in fewer bits) and hot spots (where encoding is more
complex and compression results in more bits). Stated
differently, the complexity metrics can identify groups of
frames in the video 105 which are likely difficult to encode
requiring more bits and groups of frames that are likely
easier to encode requiring fewer bits. These groups can be
labeled as cool spots and hot spots in the heat map 130.

[0021] The boundary identifier 135 uses the metrics
derived by the complexity detector to generate the video
chunks 140. In one embodiment, the boundary identifier 135
attempts to locate the boundaries of the chunks 140 in the
cool spots of the heat map 130 where a video buffer verifier
(VBV) utilization is low. Generally, the VBV utilization
describes that rate at which bits are being received by a
decoder relative to the bits being generated by the transcod-
ers 150. If the VBV utilization is the same at the beginning
and end of the chunks 140, then the encoder rate-control
efficiency is consistent between the chunks 140 and there are
little to no visual quality gaps between the chunks 140. On
the other hand, placing chunk boundaries in hot spots might
result in the encoder rate-control starting at an area where
VBV utilization is already high, thus negatively affecting the
efficiency of the encoder rate-control algorithm.

[0022] In one embodiment, the boundary identifier 135
attempts to locate the boundaries in the middle of a cool
spot—e.g., at a frame that is the furthest (in forward and
reverse directions) from a hot spot in the heat map 130.
However, this parameter may be balanced with the desire
that the durations of the chunks be similar. For example, if
one chunk has a duration of five minutes but another chunk
is only thirty seconds, the time advantage of parallelizing the
encoding of these chunks using the transcoders 150 is
reduced since one transcoder will, in general, take much
longer to complete than the other. Further, if the chunk
duration is too short, the encoder rate-control is also not
operating at its optimal operation condition. To maximize
the time benefits of encoding the chunks 140 in parallel, the
boundary identifier 135 can also use chunk duration as a
parameter when selecting the boundaries.
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[0023] Once the boundary identifier 135 uses the bound-
aries to divide the video 105 into the chunks 140, these
chunks 140 are sent to the transcoders 150 which can
execute in parallel. A merging application (not shown) can
merge the encoded chunks 140 back into a single video 105
which is then transmitted to a downstream target device
(e.g., a streaming consumer or a storage module). In one
embodiment, the transcoding system 100 is part of a content
delivery network that prepares and delivers content to
remote user devices, but this is only one example. The
transcoding system 100 can be used in any system where
videos are first converted into a different encoding before
being transmitted to a target device.

[0024] In one embodiment, a multi-pass transcoder pipe-
line is used where the transcoders 150 perform two or more
encode passes. In this embodiment, during the first pass the
transcoders 150 perform a non-chunk fast analysis pass. The
first pass is usually a fast, single low-res encode that
analyzes encoding aspects such as bit allocation and deci-
sions related to rate-distortion optimization. The encode
pass produces statistics that can be analyzed to determine
content complexity. The boundary identifier 135 can process
the encode pass statistics and use these statistics to deter-
mine chunk boundaries. In another embodiment, both the
encode pass statistics derived from the encode pass and the
complexity metrics from the complexity detector 125 are
used in combination to determine optimal chunk boundaries.
Stated differently, in some embodiments, the boundary iden-
tifier 135 uses only the complexity metrics or only the
encode pass statistics to identify chunk boundaries. Alter-
natively, the boundary identifier 135 can use both the
complexity metrics and the encode pass statistics in com-
bination to identify chunk boundaries.

[0025] FIG. 2 is a flowchart of a method 200 for identi-
fying boundaries for dividing a video into chunks, according
to one embodiment described herein. At block 205, a com-
plexity detector (e.g., the complexity detector 125 in FIG. 1)
evaluates a video to derive one or more complexity metrics.
In one embodiment, these complexity metrics are indicators
of the complexity of the data in the underlying frames when
performing encoding. By evaluating the complexity metrics,
the complexity detector can accurately predict whether a
portion of the video (e.g., a single frame or a group of
sequential frames) will be difficult to encode (e.g., require a
lot of bits and have a high VBV utilization) or will be easy
to encode (e.g., require fewer bits and have a low VBV
utilization). Generating and interpreting complexity metrics
are described below in FIGS. 3A-3D and 4A-4D.

[0026] FIGS. 3A-3C illustrate tracking complexity met-
rics in a video, according to one embodiment described
herein. Specifically, FIG. 3A illustrates the average lumi-
nance of a video, FIG. 3B illustrates the luminance variance
in the same video, and FIG. 3C illustrates the frame differ-
ence energy in the same video.

[0027] The average luminance in FIG. 3A represents the
general brightness of a scene in the video. The average
luminance may identify a long/loose range in the video
where the average brightness remains mostly constant. In
one embodiment, the complexity detector calculates the
average luminance by taking the Y-channel (in a YUV color
encoding scheme) of the frames, computing the average, and
normalizing the value from 0-1 for cross-comparison. As
shown, the average luminance in FIG. 3A remains mostly
constant for frames 0-1500 and in frames 1500-3000. In one
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embodiment, a group of frames with low average luminance
values may indicate a cool spot while a group of frames with
higher average luminance values indicates a hot spot in the
video.

[0028] The variance of luminance in FIG. 3B indicates
how dynamic the frame is, or the amount of contrast in the
frame. The complexity detector can positively correlate the
variance of luminance with fine spatial details in the frame,
which in turn correlates to how many bits the transcoder
would likely spend to encode the frame. The variance of
luminance can be an indicator for spatial complexity in the
frames of the video. In one embodiment, frames where the
luminance variance is low may require fewer bits to encode
than frames where the luminance variance is high.

[0029] The frame difference energy in FIG. 3C (also
referred to as energy of one-step frame difference) represents
the deviation in time between sequential frames and is often
used for detecting a scene cut or scene change (e.g., when
switching between cameras that have completely different
views). In one embodiment, the complexity detector calcu-
lates the frame difference energy by determining a frame
difference between two sequential or neighboring frames
and computing the energy of the difference or delta. The
frame difference energy may indicate large or abrupt motion
between frames which correlates with complex temporal
activity. A large spike in the frame difference energy can
indicate when a scene change has occurred. It can also
represent a boundary between scene changes which can in
turn possibly indicate a transition from a cool spot to a hot
spot (e.g., a change from a peaceful scene without a lot of
action to a fighting scene with a lot of action).

[0030] In addition to the metrics above, the complexity
detector may also extract frame by frame histograms and
compute the differences between two histograms to generate
a histogram difference. This metric may better represent the
changes of the frames over time rather than just between two
frames as is the case with the frame difference energy
illustrated in FIG. 3C.

[0031] FIG. 3D illustrates a heat map 130 where the
complexity detector has evaluated one or more of the
metrics described above to identify a first portion of the
video that corresponds to a cool spot 305 and a second
portion of the video that corresponds to a hot spot 310. In
this example, the cool spot 305 corresponds to frames 0 to
around 1500 while the hot spot corresponds to the frames
1500 to 3000.

[0032] FIGS. 4A-4C illustrate tracking complexity met-
rics in a video, according to one embodiment described
herein. Like FIGS. 3A-3C, FIG. 4A illustrates the average
luminance of a video, FIG. 4B illustrates the luminance
variance in the same video, and FIG. 4C illustrates the frame
difference energy in the same video. The details of these
complexity metrics are not repeated here.

[0033] In some implementations external encoding statis-
tics data, output from an encoder performing a first pass
encode (e.g., encoding statistics derived from an initial
encode pass), may also be used as a complexity metric to
evaluate the video’s complexity. The information used from
this statistics data includes, but is not limited to: quantization
parameter fluctuation, rate factor, buffer states, macroblock
encode times, and/or frame cost ratios. The information
from within the encoding statistics data may be used in
addition to or separately from the complexity metrics, to
determine hot and/or cool area frame boundaries.
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[0034] In some embodiments, the system could also use a
machine-learning driven computer vision model to predict
complexity (i.e., derive complexity metrics), based on pre-
viously identified complex and non-complex video training
datasets, for example a binary or multi-class convolutional
neural network for complexity categorization, or regressor
neural network to produce a complexity measure on a
spectrum.

[0035] FIG. 4D illustrates a heat map 130 where the
complexity detector has evaluated one or more of the
metrics illustrated in FIGS. 4A-4C to identify multiple cool
spots 405 and multiple hot spots 405. That is, a first portion
of the frames in the video corresponds to a cool spot 405A,
the next portion of the video corresponds to a hot spot 410A,
the next portion corresponds to a cool spot 405B, and the
final portion corresponds to a hot spot 410B. These cool and
hot spots correspond to the metrics in FIGS. 4A-4C which
can be used to identify groups of frames where encoding is
predicted to be difficult, as is the case in the hot spots 410,
versus groups of frames where encoding is predicted to be
easy, as is the case for the cool spots 405. The heat map 130
is merely one example of interpreting the metrics described
above. While the complexity detector can generate the heat
maps 130 illustrated in FIGS. 3D and 4D, this is not
necessary. For example, the complexity detector may simply
pass the complexity metrics directly to the boundary iden-
tifier as inputs, which the boundary identifier uses to identify
the optimal location of the boundaries of the chunks.

[0036] Returning to the method 200, at block 210 the
boundary identifier uses the complexity metrics to identify
boundaries to form a plurality of chunks from the video. In
one embodiment, the boundary identifier uses the complex-
ity metrics to identify the distance of the frames from hot
spots. Specifically, in one example, the boundary identifier
identifies the middle frames in the cool spots—e.g., the
frames that are furthest from the hot spots in the heat map
130 in FIG. 3D. To do so, the boundary identifier can
calculate the distance from each frame to a hot spot in both
the forwards and backwards direction (e.g., moving forward
in a timeline of the video and moving backward in the
timeline of the video). The frame that is equally distant from
hot spots on either side of the cool spot is at the middle of
the cool spot and may be a good location for the boundary.
While the boundary identifier can use a heat map, this is not
necessary. The boundary identifier can use the complexity
metrics to identify the frame at the middle of the cool spots
without the intermediate step of converting the complexity
metrics into a heat map. For example, the boundary identi-
fier can equally weight the metrics and compare the location
of'the current frame to any number of the complexity metrics
to identify a portion of the video containing frames that are
likely difficult to encode.

[0037] While the embodiments herein describe placing the
boundaries within the cool spots, suitable results can be
achieved by placing the boundaries within the hot spots
although this might result in a poorer quality encode when
compared to placing the boundaries within the cool spots.
For example, placing the boundaries in the middle of the hot
spots may also avoid a loss of visual quality when transi-
tioning between chunks. So long as the VBV utilization is
substantially constant at the end of one chunk and in the
beginning of the next chunk (in contrast to the VBV utili-
zation changing dramatically at the chunk boundaries), the
visual quality is maintained.
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[0038] In one embodiment, the boundary identifier also
considers the duration of the chunk as a parameter when
selecting the boundaries for the chunk. For example, the
boundaries may be selected in a fixed range, or the boundary
identifier may balance the distance of the frames from the
hot spots to the duration of the chunk. In this manner, the
duration of the chunks may be used to control the location
of the boundaries.

[0039] Details for identifying the boundaries of the chunks
are described in more detail in FIGS. 6 and 7 which illustrate
different techniques for dividing a video in different chunks.
[0040] At block 215, the transcoders encode the plurality
of chunks in parallel. The transcoders can execute on
different computing systems (e.g., different servers) or on
the same computing system (e.g., on different processors or
cores in the same computing system). As mentioned above,
it may be preferred that the chunks are close to the same
length since this may speed up the overall encoding process,
but this is not a requirement.

[0041] At block 220, a merging module combines the
encoded chunks into a new encoded video that has been
converted into a different encoding scheme. Moreover,
because the boundaries of the chunks were set by consid-
ering the complexity metrics, combining the chunks does
not result in a reduction in the visual quality when compared
to dividing the video into chunks with a fixed duration.
[0042] FIG. 5 illustrates dividing a video into chunks
having various durations, according to one embodiment
described herein. For ease of explanation, the frames in the
video are grouped together to illustrate various cool spots
305 and hot spots 310 to illustrate the reasoning performed
by the boundary identifier when selecting the boundaries
(illustrated by the vertical dotted lines). In one embodiment,
the location of the boundaries and the durations 505 of the
chunks 140A-140D was selected using the method 200.
[0043] The chunk 140A starts in the cool spot 305A and
includes the frames in the cool spot 305 A, the hot spot 310A,
and the first half of the frames in the cool spot 305B as
illustrated by the duration 505A. The start of the chunk 140B
occurs in the middle of the cool spot 305B and includes the
frames in the second half of the cool spot 305B, the hot spot
310B, and the first half of the cool spot 305C as illustrated
by the duration 505B. The start of the chunk 140C occurs in
the middle of the cool spot 305C and includes the frames in
the second half of the cool spot 305C, the hot spot 310C, the
cool spot 305D, the hot spot 310D and the first half of the
cool spot 305E as illustrated by the duration 505D. The
chunk 140D starts in the middle of the cool spot 305E and
can include additional portions of the video 105 that are not
shown in FIG. 5.

[0044] Notably, the chunks 140A-140D have different
durations 505. In this example, the durations 505 are chosen
based on placing the boundaries at (or substantially at) the
middle of the cool spots—i.e., cool spot 305B, 305C, and
305E. Because the location of the cool spots is dependent on
the underlying video data in the frames, the durations 505 of
the chunks 140 vary. Further, in addition to considering the
complexity of the data when selecting the boundaries, the
length of the durations 505 also influences the selection of
the boundaries. This is illustrated by the fact that the cool
spot 305D was not selected for a boundary of a chunk. That
is, instead of putting the end boundary of the chunk 140C in
the cool spot 305D, the boundary identifier instead placed
this boundary in the cool spot 305E. For example, putting
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the end boundary in the cool spot 305D would have resulted
in the chunk 140C having a duration 505C, which may
increase the fluctuation or variance of chunk duration which
might not outweigh the benefit of placing the end of the
chunk 140C in the cool spot 305D. Thus, the boundary
identifier instead selected the cool spot 305E as the end
boundary of the chunk 140C and the start boundary for the
chunk 140D. In this manner, both the complexity of the
underlying data and the durations of the chunks can be
considered when selecting the boundaries.

[0045] FIG. 6 is a flowchart of a method 600 for identi-
fying boundaries for dividing a video into chunks, according
to one embodiment described herein. In one embodiment,
the method 600 is one example of performing block 210
where the boundary identifier identifies boundaries to form
a plurality of chunks. Thus, the method 600 may be per-
formed after the complexity detector has derived one or
more complexity metrics from a video.

[0046] At block 605, the boundary identifier identifies a
start frame of a new chunk. The start frame may be the first
frame in the video if the method 600 has just begun or can
be the first frame following the end of a previous chunk.
Generally, the method 600 repeats to identify sequential
chunks in the video until the end of the video is reached.

[0047] At block 610, the boundary identifier identifies a
first frame and a last frame using a desired chunk length and
a tolerance. In one embodiment, the desired chunk length
and the tolerance are inputs to the boundary identifier used
to harmonize the durations of the chunk and can be provided
by the user. For example, the user may indicate that the
desired chunk length is two minutes (e.g., the number of
frames that is equivalent to two minutes of video playtime)
but has a tolerance of +/-30 seconds. That is, the chunks can
have a duration that varies from 1.5 minutes to 2.5 minutes.
In that example, the first frame identified at block 610 would
be the frame that is 1.5 minutes from the start frame while
the last frame is 2.5 minutes from the start frame. In this
manner, the first frame and last frame define a range of
potential candidate frames that can serve as the end of the
new chunk. Put differently, the desired chunk length and the
tolerance are input parameters that limit the possible loca-
tions of the end boundary of the new chunk. As such, these
input parameters represent a tradeoff between selecting the
optimal location of the boundary using the complexity
metrics and ensuring the lengths of the chunks are somewhat
similar (e.g., within the tolerance) to take advantage of
performing encoding in parallel.

[0048] At block 615, the boundary identifier sets the
current frame to the first frame. As discussed below, the
boundary identifier evaluates the first frame as a suitable
location for the end boundary and then iterates through the
remaining frames until reaching the last frame. However, it
is equally valid to set the last frame as the current frame and
then iterate through the previous frames until reaching the
first frame.

[0049] At block 620, the boundary identifier identifies the
minimum distance from the current frame to a hot spot
identified using the complexity metrics. That is, the bound-
ary identifier can start at the current frame and then move
backwards and forwards along the timeline and evaluate the
frames on either side of the current frame until reaching a
frame that falls within a neighboring hot spot (e.g., the
closest hot spot). The boundary identifier can then count the
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frames between the current frame and the closest frame in a
hot spot which results in the minimum distance.

[0050] In one embodiment, the boundary identifier may
have already, before performing block 620, determined
which frames in the video are in hot spots and which are in
the cool spots. That is, the boundary identifier may have
already generated a heat map indicating which frames are in
the hots spots so it can identify the minimum distance
between the current frame and a hot spot. If the current
frame is in a hot spot, that distance would be zero. However,
if the current frame is in a cool spot, the minimum distance
would be a non-zero count or value.

[0051] However, the boundary identifier does not need to
have previously generated a heat map to perform block 620.
For example, the boundary identifier could evaluate the
frames in real time using the complexity metrics to deter-
mine whether the frames are in a hot spot. For example, if
a frame corresponds to a luminance value that exceeds a
threshold, or has a difference frame energy indicating there
was a scene cut, the boundary identifier can determine the
frame is in a hot spot. The boundary identifier can consider
the complexity metrics independently (e.g., only one metric
has to indicate that a frame is part of a hot spot) or can
weight each of the complexity metrics and consider the
weighted metrics as a whole to determine whether a frame
is in a hot spot (e.g., if the weighted combination of the
metrics exceeds a threshold).

[0052] At block 625, the boundary identifier determines
whether the minimum distance is greater than a maximum
distance. The maximum distance is a global variable that
tracks the frame that is the furthest from a hot spot as the
method 600 iterates between the first frame and the last
frame. Put differently, as the boundary identifier iterates
through the range defined by the first and last frames, it
stores in the maximum distance the frame that has the largest
minimum distance to a hot spot (i.e., the frame that is the
furthest from the hot spot when considering both the forward
and backward directions). Each time the method 600 is
repeated to identify a new chunk, the maximum distance is
reset (e.g., set to an initial value of zero).

[0053] If the minimum distance for the current frame is
greater than the maximum distance for frames other than the
current frame, this means the current frame is the furthest
from a hot spot in the forward and reverse directions than
any frames method 600 have iterated over at this point. The
method 600 then proceeds to block 630 where the boundary
identifier sets the maximum distance to the value of the
minimum distance for the current frame. That is, the value
of the minimum distance becomes the new value of the
maximum distance which is then compared to the next frame
(assuming the current frame is not the last frame).

[0054] However, if the maximum distance is greater than
the minimum distance, the method 600 proceeds to block
635 where the boundary identifier determines whether the
current frame is the last frame. That is, the boundary
identifier does not change the maximum distance and deter-
mines whether it has evaluated all the frames between the
first and last frames identified at block 610. If not, the
method 600 proceeds to block 640 where the current frame
is incremented and blocks 620-635 repeat.

[0055] If the current frame is the last frame, this indicates
the boundary identifier has evaluated all the frames within
the range identified at block 610. In that case, the method
600 proceeds to block 645 where the boundary identifier sets
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the end boundary of the new chunk at the frame correspond-
ing to the maximum distance. That is, when updating the
maximum distance at block 630, the boundary identifier
notes which frame corresponds to the current value stored in
the maximum distance. Thus, after evaluating all the frames
in the range, the boundary identifier can identify the frame
best suited (e.g., is in, or close to, the middle of the cool
spot) to serve as the end boundary for the new chunk.

[0056] At block 650, the boundary identifier determines
whether the video is at the end. For example, if the remain-
ing frames in the video following the end boundary set at
block 645 are less than or equal to the desired chunk length,
the boundary identifier may simply designate these frames
as the last chunk (without repeating the method 600) and
proceed to block 215 of FIG. 2.

[0057] However, if the video is not at an end (e.g., there
are sufficient remaining frames to make more than one
chunk), the method 600 proceeds to block 655 where the
boundary identifier sets the end boundary as a start of a new
chunk and then returns to block 610 where the method 600
can repeat to identify the optimal end boundary for the new
chunk. Moreover, the boundary identifier may reset the
maximum distance. In this manner, the method 600 can
identify end boundaries that are furthest from a hot spot
(assuming the range identified at block 610 by the first and
last frames has at least one cool spot). If all the frames in the
range are deemed complex for encoding (e.g., are in a hot
spot), the boundary identifier may select the frame that is the
least complex relative to the other frames in the range, or
simply select the frame at the middle of the range, to serve
as the boundary.

[0058] FIG. 7 is a flowchart of a method 700 for identi-
fying boundaries for dividing a video into chunks, according
to one embodiment described herein. Like the method 600,
the method 700 is another example of performing block 210
where the boundary identifier identifies boundaries to form
a plurality of chunks. Thus, the method 700 may be per-
formed after the complexity detector has derived one or
more complexity metrics from a video.

[0059] At block 705, the boundary identifier sorts frames
in a video according to a minimum distance to a hot spot
identified using the complexity metrics. For ease of expla-
nation, assume a video has 1,000 frames (although most
videos include many more frames than this). The boundary
identifier evaluates each of these frames to identify the
minimum distance (e.g., the number of frames) between the
current frame and neighboring hot spots in the forward and
backward directions in the video. For example, assume that
the boundary identifier is evaluating the 5007 frame in the
video and the complexity metrics indicate there is a hot spot
at the 4007 frame and the 5507 frame. In that case, the
distance is 100 frames in the backward direction and 50
frames in the forward direction. The minimum distance for
the current frame would by 50 frames (i.e., the distance to
the hot spot in the forward direction since it is the closest.
This minimum distance is calculated for each frame in the
video. If a frame is in a hotspot, the minimum distance
would be zero.

[0060] Once the minimum distances are identified, the
boundary identifier then sorts the frames, for example, in
descending order. In this manner, the 1,000 frames in the
video have now been sorted according to their distance
relative to the hot spot where the frames furthest from the
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hot spots (i.e., the frames with the largest minimum dis-
tances) are sorted at the top of the list.

[0061] At block 710, the boundary identifier selects a top
N frames in the sorted list according to a desired N number
of chunks. In one embodiment, the user sets the value of N
which determines the number of chunks that the boundary
identifier creates. For example, the value of N may be
determined by a desired target length of the chunks (e.g., two
minute chunks). The duration of the video can be divided by
the desired target length to yield the value of N (with some
rounding).

[0062] Once the value of N is identified, the boundary
identifier selects the top N frames (e.g., 10 out of the 1000
frames in the video) that have the largest minimum distances
to hot spots when considering hot spots in the forward and
backward directions. These top N candidate frames are the
initial candidate locations of the boundaries of the segments.
While these frames are the best locations when it comes to
maximizing the distance from hot spots, they may not be the
best locations when it comes to making sure each of the
segments have similar durations. For example, if the top N
candidate frames were used as the chunk boundaries, one
chunk may be 150 frames, another may be 15 frames,
another may be 250 frames, another may be 23 frames, and
so forth. The following blocks of the method 700 describe a
technique for balancing the desire to place boundaries the
furthest from hot spots with the desire to ensure the chunks
have similar lengths to take advantage of encoding the
chunks in parallel.

[0063] Atblock 715, the boundary identifier selects one of
the top N candidate frames (e.g., one of the 10 frames in the
video with the greatest minimum distances). In one embodi-
ment, the boundary identifier selects the frame randomly
from the set of top N frames. In the discussion below,
assume the 7 frame was randomly selected from the top 10
candidate frames in the sorted frames.

[0064] At block 720, the boundary identifier determines a
decrease in distance to a hot spot between the selected frame
and the next available frame in the sorted list of frames. If
this is the first iteration of the method 700, the next available
frame in this example is the 117 frame in the sort list. Since
the frames are sorted in descending order based on distances
of the frames from hotspots, by design, the minimum
distance of the 11% frame is less than or equal to the
minimum distance of the 7% frame. Thus, subtracting the
minimum distance of the 7% frame from the minimum
distance of the 117 frame yields a number that is greater than
or equal to zero. This value indicates the separation distance
that is lost between a boundary and a hot spot (which is
undesirable) if the 117 frame were swapped with the 7%
frame in the sorted list of frames.

[0065] Atblock 725, the boundary identifier determines an
intra-boundary distance if the selected frame is replaced by
the next available frame—e.g ., if the 7% frame was swapped
with the 117 frame in the list such that the 11% frame is a
candidate location for a chunk boundary, while the 7% frame
is no longer a candidate. That is, the boundary identifier
determines the size or duration of the chunks if the 117
frame is used as a boundary rather than the 7% frame. The
boundary identifier can use the top N candidate frames
(including the 117 frame but excluding the 7% frame) as
boundaries and evaluate the durations of the resulting
chunks. In one embodiment, the boundary identifier can
measure the standard deviation of the durations of the

Mar. 11, 2021

chunks to determine their variability. For example, a high
standard deviation indicates the durations of the chunks
change significantly while a low standard deviation indicates
the durations are relatively similar. In any case, the intra-
boundary distance (or durations) of the chunks can increase,
decrease, or remain the same (although this is unlikely)
when replacing the selected frame with the next available
frame in the top N candidate frames.

[0066] At block 730, the boundary identifier determines
whether there is a net benefit to replacing the selected frame
with the next available frame. To do so, the boundary
identifier compares the decrease in distance identified at
block 725 to the intra-boundary distance identified at block
725. If there is a net benefit with making the replacement—
i.e., the positive gains to the inter-boundary distance result-
ing from swapping the 117 frame with the 7% frame out-
weigh the negative gains caused by the decrease in distance
to a hot spot resulting from the swamp—the method pro-
ceeds to block 735 where the selected frame is replaced by
the next available frame. For example, if the improvement to
the standard deviation of the duration of the chunks when
swapping the frames outweighs the loss of the separation
distance between a boundary and a hot spot, then the
boundary identifier replaces the selected frame with the next
available frame in the top N candidate frames.

[0067] Otherwise, the method 700 proceeds to block 745
where the boundary identifier determines whether the sorted
list has been exhausted. That is, the boundary identifier
determines whether the selected frame (the 7 frame) has
been compared to all the remaining frames in the sorted list
(e.g., frames 11-1000). If not the method 700 returns to
block 720 where the selected frame (the 7% frame) is
compared to the next available frame (i.e., the 127 frame
since the 11 frame was previously compared) using blocks
720-730.

[0068] However, if the sorted listed has been exhausted
(the boundary identifier has compared the 7% frame to all the
remaining frames—i.e., frames 11-1000) or the selected
frame is replaced by one of the frames not in the top N
candidates, the method proceeds to block 740 where the
boundary identifier determines whether all the top N candi-
date frames have been evaluated. That is, whether blocks
720-745 have been performed for all 10 frames of the top N
frames. If not, the method 700 returns to block 715 where
the boundary identifier again randomly selects one of the top
N candidates which has not yet been evaluated. For
example, since the 7% frame was already selected, the
boundary identifier randomly selects a frame from the 1-6
and 8-10 frames. The boundary identifier can then perform
the same analysis above by comparing the selected frame to
the next available frames until all the next available frames
have been evaluated or the frame has been swapped out with
one of the next available frames. In one embodiment, once
one of the top N candidates has been removed, it is not then
reconsidered to be brought back into the top N candidates
during future iterations (e.g., when other top N candidates
are being evaluated).

[0069] Assuming the top N candidates have all been
evaluated, the method 700 proceeds to block 750 where the
boundary identifier determines whether at least one of the
top N frames was replaced. That is, the boundary identifier
may maintain a global variable that is set to TRUE whenever
one ofthe top N candidate frames is replaced with one of the
remaining frames in the sorted list of frames. Thus, so long
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as one of the original top N candidates identified at block
710 was replaced when repeating blocks 715-745, the
method returns to block 710 where the method 700 repeats.
That is, the new top N candidates (which contain at least one
new frame that replaced one of the original top N candidate
frames) are evaluated. That is, each of the top N candidate
frames can be evaluated using blocks 720-745. If anyone of
those candidates is swapped out with one of the next
available frames, the global variable is set to TRUE and the
new set of top N candidates is again reevaluated.

[0070] Eventually, the top N candidate frames are evalu-
ated with the remaining frames and none are swapped out.
In that case, the method proceeds to block 755 where the
boundary identifier creates the N chunks using the top N
candidate frames as the boundaries. That is, the top N
candidate frames serve as boundaries of the chunks and
represent a tradeoff between maximizing the distance from
the boundaries to the hot spots and harmonizing the dura-
tions of the chunks.

[0071] One advantage of the method 700 over the method
600 is that method 700 considers the chunks as a whole
rather than chunking up the video sequentially where the
duration of each chunk is considered independently of the
other chunks. As a result, the method 700 can identify
situations where a boundary should be moved which would
help to improve one chunk even though it may harm another
chunk (i.e., a net benefit). For example, shrinking the
duration of one chunk may mean that one of its boundaries
is closer to a hot spot, but this may increase the duration of
another chunk to increase the value of performing encoding
in parallel, which results in an overall improvement of the
encoding process.

[0072] A non-limiting advantage of the techniques
described above is that the embodiments are content adap-
tive where the video content is analyzed before cutting/
transcoding and used to identify a unique solution to bound-
ary placement. Another non-limiting advantage is the
embodiments above can generate chunks beginning at an
easy-to-encode region (a cool spot) while maintaining a
relative similar chunk length. Another non-limiting advan-
tage of the embodiments above is that users need only
specify target chunk length and tolerance (in method 600) or
number of chunks (in method 700). Moreover, the embodi-
ments above are self-contained so no other metadata or
sidecar data may be needed besides the video itself. Another
non-limiting advantage of the embodiments above is their
execution speed and can be implemented in the analysis pass
of the encoding/transcoding process and takes negligible
cycles to execute.

[0073] In the current disclosure, reference is made to
various embodiments. However, it should be understood that
the present disclosure is not limited to specific described
embodiments. Instead, any combination of the features and
elements discussed above, whether related to different
embodiments or not, is contemplated to implement and
practice the teachings provided herein. Additionally, when
elements of the embodiments are described in the form of “at
least one of A and B,” it will be understood that embodi-
ments including element A exclusively, including element B
exclusively, and including element A and B are each con-
templated. Furthermore, although some embodiments may
achieve advantages over other possible solutions or over the
prior art, whether or not a particular advantage is achieved
by a given embodiment is not limiting of the present
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disclosure. Thus, the aspects, features, embodiments and
advantages disclosed herein are merely illustrative and are
not considered elements or limitations of the appended
claims except where explicitly recited in a claim(s). Like-
wise, reference to “the invention” shall not be construed as
a generalization of any inventive subject matter disclosed
herein and shall not be considered to be an element or
limitation of the appended claims except where explicitly
recited in a claim(s).

[0074] As will be appreciated by one skilled in the art,
embodiments described herein may be embodied as a sys-
tem, method or computer program product. Accordingly,
embodiments may take the form of an entirely hardware
embodiment, an entirely software embodiment (including
firmware, resident software, micro-code, etc.) or an embodi-
ment combining software and hardware aspects that may all
generally be referred to herein as a “circuit,” “module” or
“system.” Furthermore, embodiments described herein may
take the form of a computer program product embodied in
one or more computer readable medium(s) having computer
readable program code embodied thereon.

[0075] Program code embodied on a computer readable
medium may be transmitted using any appropriate medium,
including but not limited to wireless, wireline, optical fiber
cable, RF, etc., or any suitable combination of the foregoing.
[0076] Computer program code for carrying out opera-
tions for embodiments of the present disclosure may be
written in any combination of one or more programming
languages, including an object oriented programming lan-
guage such as Java, Smalltalk, C++ or the like and conven-
tional procedural programming languages, such as the “C”
programming language or similar programming languages.
The program code may execute entirely on the user’s
computer, partly on the user’s computer, as a stand-alone
software package, partly on the user’s computer and partly
on a remote computer or entirely on the remote computer or
server. In the latter scenario, the remote computer may be
connected to the user’s computer through any type of
network, including a local area network (LAN) or a wide
area network (WAN), or the connection may be made to an
external computer (for example, through the Internet using
an Internet Service Provider).

[0077] Aspects of the present disclosure are described
herein with reference to flowchart illustrations or block
diagrams of methods, apparatuses (systems), and computer
program products according to embodiments of the present
disclosure. It will be understood that each block of the
flowchart illustrations or block diagrams, and combinations
of blocks in the flowchart illustrations or block diagrams,
can be implemented by computer program instructions.
These computer program instructions may be provided to a
processor of a general purpose computer, special purpose
computer, or other programmable data processing apparatus
to produce a machine, such that the instructions, which
execute via the processor of the computer or other program-
mable data processing apparatus, create means for imple-
menting the functions/acts specified in the block(s) of the
flowchart illustrations or block diagrams.

[0078] These computer program instructions may also be
stored in a computer readable medium that can direct a
computer, other programmable data processing apparatus, or
other device to function in a particular manner, such that the
instructions stored in the computer readable medium pro-
duce an article of manufacture including instructions which
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implement the function/act specified in the block(s) of the
flowchart illustrations or block diagrams.

[0079] The computer program instructions may also be
loaded onto a computer, other programmable data process-
ing apparatus, or other device to cause a series of operational
steps to be performed on the computer, other programmable
apparatus or other device to produce a computer imple-
mented process such that the instructions which execute on
the computer, other programmable data processing appara-
tus, or other device provide processes for implementing the
functions/acts specified in the block(s) of the flowchart
illustrations or block diagrams.

[0080] The flowchart illustrations and block diagrams in
the Figures illustrate the architecture, functionality, and
operation of possible implementations of systems, methods,
and computer program products according to various
embodiments of the present disclosure. In this regard, each
block in the flowchart illustrations or block diagrams may
represent a module, segment, or portion of code, which
comprises one or more executable instructions for imple-
menting the specified logical function(s). It should also be
noted that, in some alternative implementations, the func-
tions noted in the block may occur out of the order noted in
the Figures. For example, two blocks shown in succession
may, in fact, be executed substantially concurrently, or the
blocks may sometimes be executed in the reverse order or
out of order, depending upon the functionality involved. It
will also be noted that each block of the block diagrams or
flowchart illustrations, and combinations of blocks in the
block diagrams or flowchart illustrations, can be imple-
mented by special purpose hardware-based systems that
perform the specified functions or acts, or combinations of
special purpose hardware and computer instructions.
[0081] While the foregoing is directed to embodiments of
the present disclosure, other and further embodiments of the
disclosure may be devised without departing from the basic
scope thereof, and the scope thereof is determined by the
claims that follow.

What is claimed is:

1. A method, comprising:

evaluating frames in a received video to identify a com-

plexity metric, wherein the complexity metric repre-
sents the complexity of encoding the frames in the
received video;

identifying boundaries in the received video to form a

plurality of chunks based on the complexity metric;
encoding the plurality of chunks in parallel; and
combining the encoded chunks to form an encoded video.

2. The method of claim 1, further comprising:

identifying, based on the complexity metric, a first frame

in the received video that is likely difficult to encode
and a second frame in the received video that is likely
easy to encode.

3. The method of claim 1, wherein the complexity metric
comprises at least one of: average luminance associated with
the frames, variance of luminance associated with the
frames, a frame difference associated with the frames, a
histogram difference associated with the frames, and encod-
ing statistics data.

4. The method of claim 1, further comprises:

identifying a different complexity metric from evaluating

the frames;

determining a weighted combination of the complexity

metric and the different complexity metric, wherein the
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identifying the boundaries in the received video to form
the plurality of chunks is performed based on the
weighted combination.

5. The method of claim 1, wherein identifying boundaries
in the received video to form a plurality of chunks based on
the complexity metric further comprises:

identifying a range of frames in the received video using

a desired chunk length and a tolerance, wherein the
range of frames comprises candidate locations for
placing an end boundary of a first chunk;

for each frame in the range of frames, identifying a

minimum distance to a neighboring hot spot, wherein
the neighboring hot spot comprises at least one frame
that is predicted by the complexity metric to be difficult
to encode; and

set the end boundary at the frame in the range of frames

that has the largest minimum distance.
6. The method of claim 5, wherein identifying the mini-
mum distance for each frame in the range of frames further
comprises:
identifying a first neighboring hot spot in a backward
direction in a timeline of the received video relative to
a current frame of the range of frames;

identifying a second neighboring hot spot in a forward
direction in the timeline of the received video relative
to the current frame; and

setting the minimum distance based on which one of the

first or second neighboring hot spots has the shortest
distance to the current frame.

7. The method of claim 5, wherein identifying boundaries
in the received video to form the plurality of chunks based
on the complexity metric further comprises:

identifying a start frame of a second chunk based on the

end boundary of the first chunk;

identifying a second range of frames in the received video

using the desired chunk length and the tolerance,
wherein the second range of frames comprises second
candidate locations for placing an end boundary of the
second chunk;

for each frame in the second range of frames, identitying
the minimum distance to a neighboring hot spot; and

set the end boundary of the second chunk at the frame in
the second range of frames that has the largest mini-
mum distance.
8. The method of claim 1, wherein identifying boundaries
in the received video to form the plurality of chunks based
on the complexity metric further comprises:
sorting the frames in the received video based on a
minimum distance of the frames to a neighboring hot
spot, wherein the neighboring hot spot comprises at
least one frame that is predicted by the complexity
metric to be difficult to encode;
selecting a top N candidate frames of the sorted frames,
wherein N represents a desired number of chunks to be
generated when dividing the received video;

comparing a selected frame of the top N candidate frames
to a next available frame of the sorted frames to
determine (i) a decrease in distance to the neighboring
hot spot between the selected frame and the next
available frame and (ii) an intra-boundary distance
assuming the selected frame is replaced by the next
available frame;
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determining whether to replace the selected frame in the
top N candidate frames with the next available frame;
and

upon determining that each of the top N candidate frames

was compared to the remaining frames in the sorted
frames without being replaced, generating the plurality
of chunks using the top N candidate frames as bound-
aries between the plurality of chunks.

9. The method of claim 8, wherein identifying boundaries
in the received video to form the plurality of chunks based
on the complexity metric further comprises:

upon determining to replace the selected frame in the top

N candidate frames with the next available frame:
placing the next available frame at a location of the
selected frame in the top N candidate frames; and
randomly selecting a second one of the top N candidate

frames to compare with the remaining frames in the
sorted frames to determine whether the second one
of the top N candidate frames should be replaced.

10. The method of claim 8, wherein identitying bound-
aries in the received video to form a plurality of chunks
based on the complexity metric further comprises:

upon determining not to replace the selected frame in the

top N candidate frames with the next available frame:

selecting a second frame below the next available
frame in the sorted frames; and

comparing the selected frame to the second frame to
determine (i) the decrease in distance to the neigh-
boring hot spot between the selected frame and the
second frame and (ii) the intra-boundary distance
assuming the selected frame is replaced by the
second frame.

11. A computer readable medium containing computer
program code that, when executed by operation of one or
more computer processors, performs an operation compris-
ing:

evaluating frames in a received video to identify a com-

plexity metric, wherein the complexity metric repre-
sents the complexity of encoding the frames in the
received video;

identifying boundaries in the received video to form a

plurality of chunks based on the complexity metric;
encoding the plurality of chunks in parallel; and
combining the encoded chunks to form an encoded video.

12. The computer readable medium of claim 11, wherein
identifying boundaries in the received video to form a
plurality of chunks based on the complexity metric further
comprises:

identifying a range of frames in the received video using

a desired chunk length and a tolerance, wherein the
range of frames comprises candidate locations for
placing an end boundary of a first chunk;

for each frame in the range of frames, identifying a

minimum distance to a neighboring hot spot, wherein
the neighboring hot spot comprises at least one frame
that is predicted by the complexity metric to be difficult
to encode; and

set the end boundary at the frame in the range of frames

that has the largest minimum distance.

13. The computer readable medium of claim 12, wherein
identifying the minimum distance for each frame in the
range of frames further comprises:
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identifying a first neighboring hot spot in a backward
direction in a timeline of the received video relative to
a current frame of the range of frames;

identifying a second neighboring hot spot in a forward
direction in the timeline of the received video relative
to the current frame; and

setting the minimum distance based on which one of the

first or second neighboring hot spots has the shortest
distance to the current frame.
14. The computer readable medium of claim 11, wherein
identifying boundaries in the received video to form the
plurality of chunks based on the complexity metric further
comprises:
sorting the frames in the received video based on a
minimum distance of the frames to a neighboring hot
spot, wherein the neighboring hot spot comprises at
least one frame that is predicted by the complexity
metric to be difficult to encode;
selecting a top N candidate frames of the sorted frames,
wherein N represents a desired number of chunks to be
generated when dividing the received video;

comparing a selected frame of the top N candidate frames
to a next available frame of the sorted frames to
determine (i) a decrease in distance to the neighboring
hot spot between the selected frame and the next
available frame and (ii) an intra-boundary distance
assuming the selected frame is replaced by the next
available frame;

determining whether to replace the selected frame in the

top N candidate frames with the next available frame;
and

upon determining that each of the top N candidate frames

was compared to the remaining frames in the sorted
frames without being replaced, generating the plurality
of chunks using the top N candidate frames as bound-
aries between the plurality of chunks.

15. The computer readable medium of claim 14, wherein
identifying boundaries in the received video to form the
plurality of chunks based on the complexity metric further
comprises:

upon determining to replace the selected frame in the top

N candidate frames with the next available frame:
placing the next available frame at a location of the
selected frame in the top N candidate frames; and
randomly selecting a second one of the top N candidate

frames to compare with the remaining frames in the
sorted frames to determine whether the second one
of the top N candidate frames should be replaced.

16. A system, comprising:

a processor; and

memory configured to store an application, wherein, when

executed by the processor, the application performs an

operation comprising:

evaluating frames in a received video to identify a
complexity metric, wherein the complexity metric
represents the complexity of encoding the frames in
the received video;

identifying boundaries in the received video to form a
plurality of chunks based on the complexity metric;

encoding the plurality of chunks in parallel; and

combining the encoded chunks to form an encoded
video.

17. The system of claim 16, the operation further com-
prising:
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identifying, based on the complexity metric, a first frame
in the received video that is likely difficult to encode
and a second frame in the received video that is likely
easy to encode.

18. The system of claim 16, wherein identifying bound-
aries in the received video to form a plurality of chunks
based on the complexity metric further comprises:

identifying a range of frames in the received video using

a desired chunk length and a tolerance, wherein the
range of frames comprises candidate locations for
placing an end boundary of a first chunk;

for each frame in the range of frames, identifying a

minimum distance to a neighboring hot spot, wherein
the neighboring hot spot comprises at least one frame
that is predicted by the complexity metric to be difficult
to encode; and

set the end boundary at the frame in the range of frames

that has the largest minimum distance.

19. The system of claim 16, wherein identifying bound-
aries in the received video to form the plurality of chunks
based on the complexity metric further comprises:

sorting the frames in the received video based on a

minimum distance of the frames to a neighboring hot
spot, wherein the neighboring hot spot comprises at
least one frame that is predicted by the complexity
metric to be difficult to encode;

selecting a top N candidate frames of the sorted frames,

wherein N represents a desired number of chunks to be
generated when dividing the received video;
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comparing a selected frame of the top N candidate frames
to a next available frame of the sorted frames to
determine (i) a decrease in distance to the neighboring
hot spot between the selected frame and the next
available frame and (ii) an intra-boundary distance
assuming the selected frame is replaced by the next
available frame;

determining whether to replace the selected frame in the
top N candidate frames with the next available frame;
and

upon determining that each of the top N candidate frames
was compared to the remaining frames in the sorted
frames without being replaced, generating the plurality
of chunks using the top N candidate frames as bound-
aries between the plurality of chunks.

20. The system of claim 19, wherein identifying bound-
aries in the received video to form the plurality of chunks
based on the complexity metric further comprises:

upon determining to replace the selected frame in the top

N candidate frames with the next available frame:
placing the next available frame at a location of the
selected frame in the top N candidate frames; and
randomly selecting a second one of the top N candidate
frames to compare with the remaining frames in the sorted
frames to determine whether the second one of the top N
candidate frames should be replaced.
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